Baker's yeast effluent is a major source of pollution with a high organic load and dark colour. It can be treated by using advanced oxidation processes (AOPs). AOPs, such as ultrasonic irradiation, are ambient temperature processes involving the generation of free radicals. We have investigated sonocatalytic treatment of baker's yeast effluent by using ultrasound. TiO 2 -ZnO composites were used as sonocatalysts to increase the efficiency of the ultrasonic irradiation. The TiO 2 /ZnO composite was prepared by two different methods. Ultrasonic irradiation or mechanical stirring was used to prepare the TiO 2 -ZnO composite, and an ultrasonic homogenizer with a 20 kHz frequency was used to treat the baker's yeast effluent. We studied the effects of several parameters, including the molar ratio of TiO 2 /ZnO, calcination temperature, calcination time and catalyst amount, on the sonocatalytic treatment of the effluent.
INTRODUCTION
Baker's yeast effluent is a major source of pollution as it has a high organic load and also has a dark color. The industrial pro- Biological treatment, generally a combination of aerobic and anaerobic processes, normally degrades melanoidins by only 6 or 7% (Pena et al. ) . Therefore, it is necessary to study additional treatments to remove colour from the molasses effluent and to prevent environmental problems. Most studies on sonocatalytic degradation of pollutants in wastewater use TiO 2 as the catalyst, mainly due to its wide availability, the stability of its chemical structure, non toxicity, reactivity, high efficiency and low cost. ZnO, a similar semiconductor oxide, is reported to be more efficient than The purpose of this study is to remove colour and COD from baker's yeast effluent using ultrasound. A TiO 2 /ZnO composite was used as a sonocatalyst. The composite was prepared using two different methods. Our experiments investigated the effects of the molar ratio of TiO 2 /ZnO, the calcination temperature, the calcination time and the catalyst amount on the sonocatalytic decolorization and COD removal of baker's yeast effluent.
Various treatment methods like Fenton oxidation (Pala &
Erden
MATERIALS AND METHODS

Materials
The wastewater used in this study was obtained from a baker's yeast factory located in the northern part of Turkey. It was collected before biological treatment and stored at 4
W C. Table 1 shows the characteristics of the wastewater used in this study. The TiO 2 and ZnO were obtained from Merck. Distilled water was used throughout this study.
Apparatus
Ultrasonic irradiation was introduced using a probe type processor (HD2200; Bandelin, Berlin, Germany 
Experimental procedures
A schematic diagram of the ultrasonic reaction system is shown in Figure 1 . The wastewater was filtered to remove suspended particles using blue ribbon filter paper (Schleicher and Schuell). It was diluted with distilled water at the dilution ratio of 1:4 (wastewater volume/distilled water volume). The reactor used in this study was a 500-ml cylindrical glass vessel. The reactor was filled with 500 ml of diluted wastewater and the TiO 2 /ZnO composite was added, then an ultrasonic probe was inserted into the 60 min, and all the experiments were repeated at least three times. Samples were taken from the reaction mixture periodically and centrifuged at 4,000 rpm for 10 min to remove any suspended particles and catalyst. After that, the absorbance and the COD of the sample were recorded using a spectrophotometer.
An absorbance measurement was done at different wavelengths to specify the maximum absorbance value.
The absorbance of the effluent was measured at 400 nm wavelength, as maximum absorbance was obtained at this wavelength. The absorbance of the effluent was evaluated to calculate decolorization.
COD was measured using the DR 2400 spectrophotometer following the instructions for the Hach higher range test. To measure COD, a 2 ml sample was placed into a special vial containing a dichromate solution, then it was heated in the DRB 200 COD reactor at the desired temperature and time. After cooling the vial, the COD of the sample was recorded using a spectrophotometer.
Reaction temperature was not controlled in any of our experiments except those intended to investigate the effect of temperature. No pH adjustment was done during the sonication, hence the pH of the effluent was the same as the initial (pH 5-6) for the treatment.
The effect of temperature was investigated in the absence of the TiO 2 /ZnO composite. Experimental conditions for the sonocatalytic treatment of baker's yeast effluent using the TiO 2 /ZnO composite are given in Table 2 . The effect of the composite preparation method and composite molar ratio were investigated. The effect of the ultrasonic irradiation time for catalyst preparation was investigated using a 4:1 molar ratio. Then, the effect of calcination temperature and calcination time were studied. Finally, the effect of the TiO 2 /ZnO composite quantity was investigated by using composite calcined at 700 W C for 60 min.
RESULTS AND DISCUSSION
The effect of solution temperature on sonolytic treatment of baker's yeast effluent
The temperature effect was investigated at 17 W C, 28 W C and with an uncontrolled temperature. To supply a constant temperature, a reaction vessel with a cooling jacket was used.
In the present study, an uncontrolled temperature means there is no external cooling mechanism to control the bulk solution temperature in the reactor. Due to the dis- is shown. In the composite prepared using ultrasound, agglomeration of the particles was observed and the porosity increased. This observation was consistent with the surface analysis results. As shown in Table 3 , the BrunauerEmmett-Teller (BET) surface area, the pore volume and the pore diameter increased with ultrasonic preparation. Table 3 , the BET surface area increases as calcination temperature increases from 300 Experiments were also performed to test adsorption.
The reactor was filled with 1:4 diluted wastewater and the chosen amount of TiO 2 /ZnO composite, and magnetically There is no COD removal in the studied conditions. The combination of ultrasound with other advanced oxidation processes such as ozonation, UV, or photolysis can give better results than ultrasound alone. 
